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ABSTRACT 


A  second  reliability  model  of  the  Deep 
Submergence  Rescue  Vehicle  (DSRV)  is  defined. 

On  the  basis  of  this  model,  a  prediction  is 
made  of  the  DSRV  reliability  for  a  typical 
rescue  mission.  The  predicted  reliability 
is  computed  to  be  29%,  for  a  26-hour  vehicle- 
operating  time.  The  major  factor  contributing 
to  the  low  predicted  reliability  of  the  vehicle 
is  the  high  failure  rate  assumed  for  the  for¬ 
ward  and  skirt  (exterior*  lamps.  A  two-orders- 
of-magnitude  decrease  in  the  assumed  failure 
rate  for  these  underwater  lamps  results  in  a 
predicted  reliability  of  about  80%.  Recom¬ 
mendations  are  made  for  improving  future  DSRV 
reliability  studies. 
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RELIABILITY  PREDICTION  FOR  A  DEEP  SUBMERGENCE  RESCUE  VEHICLE, 

SECOND  RELIABILITY  MODEL 


1.0  INTRODUCTION 

This  report  explains  the  need  for  a  second  reliability  model 
for  the  Deep  Submergence  Rescue  Vehicle  (DSRV ) ,  defines  the  sec¬ 
ond  model,  and  presents  the  results  cf  the  computer  run  made  with 
it.  it  is  emphasized  that  although  the  second  model  is  considered 
an  improvement  over  the  first  model,  it  in  turn  has  its  limita¬ 
tions.  Rather  than  discontinue  the  reliability  prediction  effort 
because  an  exact  representation  cf  the  vehicle  cannot  be  achieved, 
it  will  be  continued  as  long  as  there  are  significant  improve¬ 
ments  to  be  made  in  the  reliability  prediction. 

1.1  Background.  The  DSRV  is  currently  being  developed  by  the 
Special  Projects  Office  (SPG'  as  a  means  of  rescuing  personnel 
from  a  distressed  submarine  on  the  ccean  bottom.  Under  the 
Task  Statement  of  SPO  Project  Order  No.  5-0009  (Budget  Project 
20),  of  23  April  1965,  the  U.  S.  Nav^  Marine  Engineering  Labora¬ 
tory  (MEL) ,  Annapolis  was  reguested  to  conduct  studies  leading  to 
the  prediction  of  reliability  fcr  the  entire  rescue  vehicle 
(including  all  electrical/electronic  and  mechanical  subsystems, 
and  structures  of  the  vehicle)  . 

The  desired  completion  date  fcr  the  initial  study  was  June  30, 
1965.  Due  to  a  shortage  of  both  available  tine  and  personnel, 

MEL  secured  contractor  support  to  perform  a  major  part  of  the 
initial  study.  The  following  study  tasks  however,  were  performed 
by  MELs 

•  System  definitions  based  cn  a  u.  3.  Navy  Bureau  of  Ships 
(BUSHIPS)  concept  drawing  and  equipment  lists  from  Sensors  and 
Navigation  and  integrated  Control  and  Display  Subsystem  managers. 

•  Definition  of  mission  -rescue  trip)  r.  phases  and  phase 
times  for  that  portion  of  a  rescue  mission  when  the  DSRV  operates 
alone  (outlined  in  Appendix  A) .  These  times  were  correlated  with 
the  Technical  Development  Plan  -TDP)  generated  by  SPO.  The  num¬ 
ber  of  rescue  trips  reauired  to  rescue  the  distressed  submarine’s 
personnel  complement  was  determined  by  correspondence  with  BUSHIPS 
Code  525  (Submarines  Branch) . 
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«  Lei  ii.it  ion  of  the  total  elapsed  mission  time?  36*5  hours, 
and  total  vai.^clu  operating  time  of  26.2  Hours. 

•  Assignment  of  use-factors  (by  means  indicated  in  refer¬ 
ence  {a'i'i  to  each  cf  the  vehicle  components  for  each  phase  of 
the  mission. 

Study  tasks  performed  by  the  contractor  were^ 

•  Construction  of  the  first  system  model  (block  diagram) 
and  development  cf  reliaoility  equations  for  the  system. 

•  Development  or  a  computer  program  to  calculate  relia¬ 
bilities  for  the  components.,  vehicle  functions,  and  the  entire 
vehicle  - 

•  Determination  of  best  available,  and  mcst  appropriate, 
failure  rate  data  for  DSaY  components. 

Results  of  ti.e  initial  reliability  study  are  reported  in  refer¬ 
ences  (b)  and  (c)  .  Ir.ese  references  contain  the  system  block 
diagrams,  the  computed  reliabilities  and  a  basic  failure-rate 
data  package.  Tms  data  package  contains  many  composite 
failure  rates  which  are  supported  ay  a  more  detailed  data 
package  retain ed  by  MLb.  The  computer  program  (in  the  form  of 
card  decks)  was  supplied  to  MEL  as  part  of  the  contractor's 
study  task,  and  is  on  file  for  record  purposes. 

2.0  o  u..vi>lAR . 

2.1  ine  second  reliability  model  for  the  DSRV  incorporates 
more  accurate  system  structuring  plus  corrections  to  several 
component  failure  rates.  A  vehicle  reliability  of  29%  for  a 
36^-hour  rescue  mission  has  been  computed  for  the  second 
model.  inis  is  much  lower  than  the  88%  (predicted)  and  94% 
(allocated)  figures  wnich  resulted  from  the  first  model.  The 
most  significant  contribution  to  this  low  reliability  of  29% 
is  made  by  the  high  failure  rate  assumed  for  the  forward  and 
skirt  (exterior)  lamps. 

2.2  An  approximate  tradeoff  of  vehicle  reliability  versus  the 
failure  rate  for  tnese  lamps  (see  Figure  1)  indicates  a  reduc¬ 
tion  in  the  assumed  failure  rate  (from  166,000  to  1,660  fail¬ 
ures  per  million  operating  hours)  will  increase  the  predicted 
vehicle  reliability  tc  about  80%.  No  significant  increase 
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beyond  80%  is  realized  for  further  reduction  in  the  lamp  fail¬ 
ure  rate. 

2.3  Further  improvement  in  DSRV  reliability  beyond  the  80% 
value  can  be  effected  by: 

•  Generally  decreasing  other  component  failure  rates. 

0  including  s_,  a tern  DSkVj  or  functional  redundancies  which 
were  not  known  during  the  development  of  the  second  model. 

•  Adding  redundant  equipment. 

2.4  Recommendations  are  made  for  improving  future  DSRV  relia¬ 
bility  studies.  ihese  recommendations  include: 

•  Performance  of  additional  detailed  studies  including 
operational  secruence  analysis  and  sensitivity  studies. 

e  Construction  of  a  reliability  model  which  allows  for 
dependent j  or  cc.-ponent  failures. 

•  Determination  of  component  failure  distributions,  and 
summing  to  yield  composite  failure-time  distributions  for 
subsystems  and/or  capabilities  of  the  vehicle. 

0  An  output  data  format  which  highlights  changes  and 
deficiencies.  Deficiencies  could  then  be  immediately  iden¬ 
tified  with  a  weak  component.-  subsystem,  or  eauipment  of  the 
vehicle  -  performance  weaknesses  could  also  be  highlighted. 

3.0  NEED  FOR  NEW  MODEL 


A  new  DSRV  model  is  required  because  the  definition  of 
the  original  model  for  the  DSRV  was  a  simplified  expedient 
to  meet  a  contract  deadline.  It  was  admittedly  not  a  good 
representation  of  the  DSRV  as  it  existed  prior  to  June  1965 
and,  subsequent  to  the  pqblication  of  references  (b)  and  (c) , 
there  have  been  changes  in  the  DSRV  concept.  Several  com¬ 
ponents  have  had  new  failure  rates  ascribed  to  them. 


Examples  of 
with  the  changes 
are  presented  in 


tne  inadequacies  of  the  first  model  together 
m  concept  and  the  changed  failure  rates 
the  following  paragraphs. 
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3.1  Inadequacies .  In  reference  (c) ,  Figures  2  and  13  (which 
are  block  diagrams  of  the  Navigation  function)  indicate  the 
vertical  obstacle  avoidance  sonar  as  an  alternate  to  the  short 
range  sonar,  televisions  and  viewports.  This  is  an  error.  It 
is  a  long-range,  forward-looking  device  used  tc  detect  obstacles, 
while  the  short-range  sonar  is  a  downward-looking  sonar,  used 

to  get  a  close-range  sonar  "picture"  of  the  distressed  submar¬ 
ine's  hatch  area.  While  the  televisions  and  viewports  may  be 
forward-looking,  they  are  again  short-range. 

Figure  13  of  reference  (c)  shows  the  horizontal  obstacle  avoid¬ 
ance  sonar  as  an  alternate  to  the  short-range  sonar,  televisions 
and  viewports.  Again,  this  is  a  misconception . 

3.2  Changes  in  Concept.  As  stated  in  reference  (d) ,  there 
will  be  only  two  emergency  breathing  equipments  on  the  DSRV, 
one  for  the  two  operators  and  one  for  the  medical  corpsman. 
Previously  there  were  to  nave  beer,  three  for  the  DSRV  crew, 
plus  fifteen  (including  three  spares)  fcr  the  rescuees. 

The  control  and  rescue  sphere  hatches  will  not  be  required  to 
keep  out  sea  pressure.  However,  these  hatches  will  be  required 
to  seal  against  a  maximum  external  pressure  of  five  atmospheres 
(see  reference  (d) * .  This  is  the  highest  pressure  personnel 
could  tolerate  (for  any  appreciable  time)  inside  the  distressed 
submarine , 

The  first  model  considered  two  f coward- pc inting  and  six  down¬ 
ward-pointing  650-watt  lamps  plus  a  > ingle  250-watt  skirt  lamp. 
The  latest  sensor  placement  drawing  reference  (e) )  by  the 
Naval  Applied  Science  Laboratory  :,A  A?LSC:ENLA3)  shows  the 
following  (exterior)  lamps: 

•  Two  800-watt,  forward- pointing  lamps. 

•  Five  250-watt,  downward- pointing  lumps  (one,  located  & 
forward,  is  trainable  fore-  aft  and  down' . 

•  A  single  85-watt  skirt  lamp. 

3.3  Changes  in  Failure  Rates  According  tc  NAVAPLSCIENLAB  the 
underwater  telephone  will  have  a  lewer  failure  rate  than  is 
assigned  in  the  first  model,  due  to  the  use  of  transistorized 
components.  The  new  failure  rate  is  222  failures  per  million 
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operating  houis.  )Tnis  corresponds  to  a  mean  time  between  fail¬ 
ure  oi  4  500  ncuii/ 

New  t jiluie  lutes  nave  been  assigned  to  the  new  lamps  men¬ 
tioned  axvt  in  paragraph  3.2.  on  the  basis  of  mean,  or  rated, 
life  figure  a  supplied  by  NAVAru  SC  I£'A  .-A3 .  With  no  other  informa¬ 
tion  available,  tne  assumption  is  made  tnat  these  mean-life 
figures  are  equivalent  to  mean  time  between  failures.  The 
(assumed)  failure  rates  'the  reciprocals  of  mean,  time  between 
failure)  uie; 

a*  800- watt  ia-ips  16  -600  Failures  per  million 

operating  hours 

'b;  150  and  85-watt  166,000  Failures  per  million 

lamps  operating  hours 

4.0  LLi! Shi :■:/?>  .  r  SECOND  MODEL 

Definition  cf  the  second  DSRV  model  includes  the  block 
diagrams-  reliability  equations,  assumptions  and  Imitations 
and  input  data  which  are  used  to  compute  vehicle  reliability. 

4.1  .-lock  Diagrams.  Figures  1  through  12  of  Appendix  fa  are 
block  diagrams  representing  the  twelve  functions  which  com¬ 
prise  the  DSRV.  One  second  model  is  based  on  the  same  basic 
DSRV  concept  as  the  first  model.  A  comparison  with  Figures 

1  through  12  of  reference  (c) ,  however,  shows  seme  signifi¬ 
cant  differences  in  tne  logical  connections  of  the  two  models. 
These  differences  are  due  net  to  the  changes  in  concept,  but 
to  a  different  and,  it  is  hoped,  a  mere  accurate  interpreta¬ 
tion  of  the  DSRV  concept.  The  degree  of  accuracy  of  the  second 
model  remains  to  be  determined. 

4.2  Reliability  Equations.  Appendix  C  contains  the  FORTRAN 
statement*  used  for  computing  DSRV  reliability  in  the  second 
model.  The  reliability  equations  for  the  twelve  figures  of 
Appendix  B  are  listed  as  sequences  (SEQ)  11  through  22.  Overall 
DSRV  reliability  is  computed  as  the  product  of  these  twelve 
equations.  Sequences  'SEQ)  34  through  45  are  the  reliability 


*  For  details  of  the  computer  program  set  up 
model,  see  -ir.L  Technical  Memorandum  415/66 
Deep  Submeiger.ee  Rescue  Vessel  Reliability 
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equations  for  the  same  twelve  functions,  when  considered  separ¬ 
ately. 

4.3  Assumptions  and  Limitations.  inherent  in  the  definition 
of  the  second  model  are  the  following  considerations: 

•  Clear  water  exists  at  the  rescue  site.  This  enables 
the  use  of  optical  aids,  as  well  as  the  use  of  short-range 
sonar  in  the  mating  operation. 

•  Beacons  suitable  for  aiding  DSRV  navigation  are  planted 
prior  to  the  first  rescue  trip. 

•  There  are  active  personnel  aboard  the  distressed  submar¬ 
ine.  This  enables  DSRV  homing  on  hull  noise  (hammering) . 

•  A  single  television  camera  will  oe  sufficient  for  mani¬ 
pulator  operation. 

•  Only  the  three  television  cameras  described  in  Appendix 
A  of  reference  (f)  are  considered.  This  constitutes  a  limita¬ 
tion  of  the  model  since  there  are  presently  four  television 
cameras  on  the  DSRV  (See  reference  (d)). 

•  The  rescue  mission  is  as  defined  in  reference  (a),  and 
as  abbreviated  in  Appendix  A  of  tr.is  report. 

•  The  viewport  optical  reliabi  lity  (probability  of  no 
optical  degradation)  is  assumed  equal  to  the  viewport  struct¬ 
ural  reliability. 

•  Emergency  breathing  equipment  reliability  is  assumed 
equal  to  that  of  the  oxygen  storage,  control  and  display  equip¬ 
ment. 


•  The  helium  storage,  control  and  display  equipment 
included  in  the  Life  Support  function  will  probably  not  be 
in  the  DSRV.  Inclusion  of  this  equipment  makes  the  Life 
Support  function  model  somewhat  conservative. 

•  DSRV  components  hate  an  exponential  failure  distri* 
but ion. 

•  DSRV  component  failures  are  independent  (failure  of 
one  does  not  cause  failure  of  another) . 
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Other  components  net  included  in  the  model  are  the  portable 
radiation  detector,  differential  pressure  gauge;  the  invert¬ 
ers  for  the  sonars  and  other  Sensor/Navigation  equipments,  the 
sonar  (mechanical)  installation,  film  cameras,  strobe  lights, 
recorder  and  telemetry  and  ultra  high-frequency  radio.  The 
radio  cameras  strobe  lights  and  recording  equipment  are 
not  critical  in  completing  the  mission,  and  are  therefore  not 
included.  Omission  of  the  other  components  constitues  a 
limitation  of  the  model-  Maintenance  of  the  vehicle  is  not 
considered. 

4.4  Input  Data.  Component  operating  times  and  failure  rates 
complete  the  definition  of  the  second  model.  Appendix  D 
includes  a  computer  listing  of  all  input  data  in  numerical 
order  following  the  component  drawing  numbers  established 
in  reference  'q)  -  Appendix  E  is  a  computer  listing  of  the 
data,  in  numerical  order  of  assigned*  component  numbers. 

Several  changes  in  component  failure  rates  have  been  made 
to  correct  errors  made  in  transposing  them  from  the  data  pack¬ 
age,  which  was  a  working  document,  to  the  Reliability  Data 
report  which  is  part  of  reference  (c) .  Tnese  changes  are 
listed,-  by  assigned  number,  in  Appendix  F. 

« 

In  several  instances,  changes  in  component  operating  times 
were  made  to  be  consistent  with  the  second  model  or  with  new 
battery  and  hydraulic  package  power-profiles.  These  power  pro¬ 
files  were  changed  to  agree  with  operating  time  estimates  of 
NAVA PL 3C 1 ENLAS  and"  Howard  Research  Corporation.  These  changes 
in  operating  time  are  listed  in  Appendix  F. 


5 . 0  RESULTS 


Appendix  D  contains  the  print-out  of  the  computer  results 
for  the  second  model.  Pages  1  through  6  present  the  eauipment 
and  component  reliabilities.  Page  7  lists  the  twelve  function 
reliabilities  and  the  overall  DSRV  reliability  figure  of  29%. 
In  computing  these  function  reliabilities,  each  component  is 
considered  in  only  one  of  the  twelve  functions,  during  any 
given  time  period.  This  disregards  the  fact  that,  operation¬ 
ally,  the  component  could  be  contributing  to  more  than  one 
function  at  a  time-  Since  so  many  components  contribute 

*  F,acli  component,  is  given  an  identification  (or  assigned) 
number,  for  uso  in  the  computer  program. 
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to  both  the  Navigation  and  the  Search  and  Surveillance  functions 
during  the  same  time  period  (i.e.,  the  functions  overlap  in 
time  and  in  shared  components),  all  components  of  these  systems 
were  considered  under  Navigation  alone.  The  Search  and  Surveil¬ 
lance  function  was  then  assigned  a  reliability  of  unity.  This 
procedures  does  not  affect  the  overall  vehicle  reliability,  but 
does  make  it  impossible  to  separate  these  two  functions. 

A  list  appears  on  page  8  of  Appendix  D  of  the  twelve  func¬ 
tion  reliabilities  with  the  functions  considered  separately.  In 
computing  these  " functional reliabilities,  all  components  which 
operationally  affect  a  function  are  included.  Thus,  some  com¬ 
ponents  may  contribute  to  several  different  functions.  These 
functional  reliabilities  are,  therefore,  sometimes  smaller  than 
the  function  reliabilities  listed  on  page  7  of  Appendix  D. 

6.0  DISCUSSION  OF  RESULTS 

The  study  based  on  the  first  model  (reference  (c) )  computed 
a  predicted  vehicle  reliability  of  88%,  and  on  the  basis  of  a 
few  changes  in  the  prediction  model  and  the  addition  of  a  redun¬ 
dant  component  (an  underwater  telephone),  an  allocated  reliability 
of  94%.  Generally,  a  somewhat  lower  value  than  88%  or  94%  would 
be  expected  for  the  second  model,  simply  because  the  structure 
(block  diagram)  of  the  second  model  is  mo:e  conservative  than 
the  first  model.  3y  conservative  it  is  meant  the  second  model 
considers  as  series-connected  components.-  several  components 
which  were  considered  as  parallel- connected  components  in  the 
first  model.  The  predicted  reliability  of  29%  for  the  second 
model  is  much  lower  than  was  expected. 

Table  1  of  this  report  is  a  c  c  p  a  r  is  on  of  the  function 
reliabilities  of  the  second  model  with  those  of  the  first  model. 
From  the  values  presented  for  the  second  model,  it  is  clear 
that  the  cause  of  the  low  vehicle  reliability  lies  with  the 
Navigation*  function  (reliability  of  66%)  and  the  Mating  and 
Transfer  Function  (reliability  of  46%)  -•  either  in  the  struc¬ 
turing  of  these  two  functions  or  in  the  component  reliabilities 
used  in  them. 


*  Note  that  this  is  the  combined  Navigation-Search  and  Surveil¬ 
lance  function  mentioned  in  paragraph  5.0. 
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TABLE  I 


A  COMPARISON  OF;  THE  FUNCTION  RELIABILITIES 
FOR  THE  FIRST  AND  SECOND  DSRV  RELIABILITY  MODELS 


Funct ion 

First  Model 
Prediction  Allocation 

Second  Model 
Prediction 

1. 

Vehicle  Control 
and  Propulsion 

0,993  3 

0,9933 

0.9884 

2. 

Navigation 

0.9434 

0,9434 

0.6632 

3. 

Structural  Integrity 

0.9993 

0,9993 

0.9966 

4. 

Communicat ion 

0,9876 

0,9968 

0.9934 

5. 

Man i pul  a tor 

0.9896 

0.9896 

0.9994 

6. 

Mating  and  Transfer 

0.9966 

0.9966 

0.4646 

7. 

Surveillance  and  Search 

0 . 9991 

0,9991 

1 . 0000* 

8. 

Computer 

0.9987 

0.9987 

0.9988 

9, 

Life  Support 

0,9911 

0,9911 

0,9911 

10. 

Power  and  Distribution 

0,9824 

0,9824 

0,9824 

11. 

Hydraulic  Package 

0.9976 

0.9976 

0.9983 

12. 

External  Sensors 

0.9974 

0,9974 

0.9999 

Vehicle  Reliability 
(Froduct  of  twelve 
function  reliabilities) 

0.8838 

0.9431 

0.2925 

*  In  the  second  model,  the  Surveillance  and  Search  function  is 
accounted  for  in  the  Navigation  function. 
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Examining  the  component  reliabilities  in  Appendix  D  reveals 
that  the  (exterior)  lamps  are  the  only  components  having  lower 
reliabilities  than  92%;  most  components  having  reliabilities 
greater  than  99%.  At  the  bottom  of  Figure  2  (Navigation) ,  of 
Appendix  B,  the  trainable  lamp  (123) *  is  shown  to  be  in  parallel 
with  two  fore  lamps  (112).  Inserting  the  corresponding  relia¬ 
bilities  in  the  reliability  equation  for  this  combination  of 
components  gives  roughly  66%.  These  lamps,  then,  are  the  cause 
of  the  low  reliability  computed  for  the  Navigation  function. 

A  similar  examination  of  Figure  6  (Mating  and  Transfer) 
of  Appendix  B  indicates  that  the  skirt  lamp  (146) ,  with  a  relia¬ 
bility  of  about  48%,  is  the  primary  cause  of  the  low  reliability 
(46%)  for  the  Mating  and  Transfer  function. 

Figure  1  of  this  report  presents  the  (approximate) 
tradeoffs  of  lamp  failure  rate  versus  the  resulting  Vehicle, 
Navigation  and  Mating  and  Transfer  function  reliabilities. 

No  significant  increase  in  vehicle  reliability  beyond  about 
80%  results  from  decreasing  the  failure  rate  of  the  lamps  more 
than  two  orders  of  magnitude  below  the  value  ascribed  to  them 
in  the  second  reliability  model.  For  the  same  decrease  in 
lamp  failure  rate,  the  reliability  of  the  Navigation  and  Mating 
and  Transfer  functions  will  approach  maximums  of  88%  and  96% 
respectively. 

From  the  above  discussion,  it  is  evident  chat  although  the 
low  lamp  reliabilities  are  the  direct  cause  of  the  low  relia¬ 
bility  in  the  second  model,  either  ta)  the  structuring  of  the 
Navigation  and  the  Mating  and  Transfer  functions  or  (b)  the 
component  reliabilities  (other  than  the  lamp  reliabilities) 
used  in  these  functions  become  the  limiting  factors  of  vehicle 
reliability,  when  high  lamp  reliability  is  assumed.  The  deter¬ 
mination  of  the  structuring  details,  or  component  reliabilities 
which  limit  the  vehicle  reliability  in  the  second  model  to  a 
maximum  of  about  80%  is  not  within  the  scope  of  this  study. 


*  Numbers  in  parentheses  are  assigned  numbers  fcr  components 
(See  Appendices  D  &  E) . 


11 


MEL  Report  110/66 


7.0  CONCLUSIONS 


On  the  basis  of  the  DSRV  model  defined  herein,  the  follow¬ 
ing  conclusions  are  made- 

•  The  exterior  lamps  (the  skirt  and  forward  lamps  specifi¬ 
cally)  are  the  most  significant  contributors  to  DSRV  unrelia¬ 
bility.  This  is  due  primarily  to  their  high  (assumed)  failure 
rates . 


•  Even  with  very  reliable  skirt  and  forward  lamps,  the 
DSRV  reliability  approaches  a  maximum  of  only  about  80%. 

•  Skirt  and  forward  lamp  reliability  (and  the  reliability 
of  the  other  external  lamps  as  well)  needs  to  be  improved.  A 
reduction  in  the  skirt  and  forward  lamp  failure  rate  of  between 
one  and  two  orders  of  magnitude  would  be  worthwhile,  in  terms 
of  increased  vehicle  reliability  (increasing  it  from  29%  to 
about  80%) . 

«  Furtner  study  is  required  to  improve  the  Navigation  and 
the  Mating  and  Transfer  function  reliabilities  (exclusive  of 
lamps)  .  This  is  mandatory  if  any  significant  increase  in  DS.RV 
reliability  beyond  about  80%  is  to  be  attained.  Improvement 
could  be  made  by 

•  decreasing  component  failure  rates 

0  restructuring  the  functional  models  to  include  redundant 
paths  which  may  have  been  missed  in  the  second  model,  or 

0  adding  redundant  equipment. 


8.0  RECOMMENDATIONS  AND  FUTURE  PLANS 


Improvements  in  the  present  method  used  to  predict  DSRV 
reliability  and  in  the  utilization  of  the  information  available 
from  DSRV  reliability  studies  are  considered  necessary.  It  is, 
therefore.-  recommended  that  all  future  DSRV  reliability  studies 
include  the  items  listed  below.  Future  MEL  efforts  in  relia¬ 
bility  prediction  will  use  these  improvements  to  the  greatest 
extent  possible  within  funding  and  time  limitations. 

I 
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8.1  An  operational  analysis  which  emphasizes  operations  involv¬ 
ing  the  DSRV  and  its  mother  vessel  only.  This  analysis  will 
establish  better  use-factors  for  the  individual  components  and 
for  the  vehicle  systems.  It  is  felt  that  the  use-factors  can 
be  more  readily  estimated  for  vehicle  capabilities  than  for 

any  other  defined  element  in  the  structural  model  of  the  system. 
The  reasoning  behind  this  conclusion  is  that  capabilities  can 
be  related  to  both  the  mission  event-time  sequence  and  to 
contributing  hardware.  (See  Appendix  G  for  the  location  of 
capabilities  in  the  structural  model' . 

8.2  Establishment  of  procedures  for  the  determination  and 
reporting  of  failure  distributions  (versus  time)  for  all  ve¬ 
hicle  components,  subsystems,  capabilities  and  functions. 

8.3  A  dependency  analysis  to  account  for  the  effect  of  failure 
of  one  component  on  the  operation  cf  another.  In  combination 
with  this  analysis,  the  construction  of  a  logic-oriented  relia¬ 
bility  model  wherein  no  vehicle  component  appears  more  than  once 
(at  any  given  time)  in  the  total  vehicle  reliability  equation. 
Examples  of  such  a  model  (block  diagrams)  are  shown  in  Appendix  G. 

8.4  Additional  sensitivity  analyses,  similar  to  the  one  which 
resulted  in  Figure  1.,  to  determine  the  sensitivity  of  all 
functions,  capabilities,  and  ccn.pcsite  failure  distributions  and 
parameter  values. 

8.5  Maintainability  ar.d  safety  analyses  which  would  contribute 
to  tradeoff  studies  with  reliability.  Skirt  iamps,  for  example, 
could  be  replaced  during  each  iight-cr.  (D3RV  on  mother  ship) 
period.  Other  lamps  cannot  be  replaced  without  sacrificing  a 
great  deal  of  mission  tine. 

8.6  An  output  data  format,  similar  tc  that  used  in  this  report, 
i.e.,  one  which  shows  co.ipu*  ed  reliabilities  for  vehicle  com¬ 
ponents,  sub-systems,  capabilities,  and  major  vehicle  functions. 
Changes  in  component  failure  distribution  ar.d  other  input  data, 
and  the  addition  or  deletion  of  components,  should  be  highlighted 
under  appropriate  headlines,  with  such  a  format,  deficiencies 
(low  reliabilities)  in  these  areas  can  be  readily  identified 
with  deficient  hardware  items,  and  corrective  action  initiated. 
For  example,  the  reliability  runof'f  might  indicate  that  the 
"look  down"  capability  ha3  a  low  reliability  during  the  mating 
phase  of  the  rescue  mission,  and  pin  point  the  primary  cause 
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to  be  tr.e  iow  reliability  c£  a  particular  component.  A  possible 
remedy  to  this  ptcoiet.  would  oe  tc  restrict  the  use  of  tnis 
particular  component  to  only  tr.e  mating  phase,  thus  reducing 
the  total  component  operating  time  and  tr.ereuy  improving  the 
component  reliability. 


/ 
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Appendix  A 


Mission  Phases  and  Phase  Times 


MISSION  PHASES 

PHASE  TIME  (MINUTES) 

TRIP 

1 

TRIP 

2 

TRIP  3 
THRU  N-l 

TRIP 

N 

1. 

UNCOUPLE  FROM  MOTHER  SUBMARINE 

5 

5 

5 

5 

2. 

DESCENT 

13 

13 

13 

13 

3. 

SURVEILLANCE  AND  APPROACH 

20 

20 

7 

7 

4. 

ANCHOR  AND  ALIGNMENT 

7 

7 

7 

7 

5. 

HATCH  PREPARATION  AND  MARKER 

13 

3 

3 

3 

6 . 

WINCH  HOqK  AND  HAUL  DOWN 

5 

5 

5 

5 

7. 

SKIRT  DEWATERING 

5 

5 

5 

5 

8. 

PRESSURE  EQUALIZATION 

3 

3 

3 

3 

9. 

TRANSFER  OF  RESCUEES 

25 

25 

25 

25 

10. 

UNCOUPLE  FROM  DISTRESSED  SUB. 

5 

5 

5 

5 

11. 

ASCENT 

13 

13 

13 

13 

12. 

SURVEILLANCE  AND  APPROACH 

7 

7 

7 

7 

13. 

ANCHOR  AND  ALIGNMENT 

7 

7 

7 

7 

14. 

WINCH  HOOK  AND  HAUL  DOWN 

5 

5 

5 

5 

15. 

SKIRT  DEWATERING 

5 

5 

5 

5 

16. 

PRESSURE  EQUALIZATION 

3 

3 

3 

3 

17. 

SUB  TOTALS 

TRANSFER  OF  RESCUEES  AND 

141 

131 

118 

118 

RECHARGE  BATTERIES 

50 

50 

50 

25 

TOTALS 

191 

181 

168 

143 
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Second  DSRV  Model  Block  Diagrams 
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FIGURE  7 
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Appendix  C 

Second  DSRV  Model  Fortran  Computer 
Statement 
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FORTRAN  STAIGMENT 


PAGE  1 


C 

C 

c 

c 

c 

c 

1 

2  * 

3  1 

4 

5  2 

6 

7  3 

8 

9 

10 

li  22 


12 


13 

14 

15 


16 


17 

18 
19 


21 

22 

23 

24 

25  4 

26 

27 

28  100 


PROGRAM  TO  COMPUTE  RELIABILITY  OF  DSRV  FOR  A  13  TRIP  MISSION 
MODIFIED  SEPT.  1.1965 

THIS  IS  WORST  CASE.  I.E-.NO  REPAIRS  ALLOWED  AND 
ALTERNATE  MOOES  ARE  ACTIVE. 

DIMENSION  RI250)»D$NQ(3) ,FR6U ICI.FUNCN  (12,2),FRELP  (12) 

RE  AO  SOOr (FUNCNt 1.1) .FUNCNI It2)»I*ltl2) 

PRINT  100 

L*0 

L*L*1 

IF  I L-2.>  3.3,1 

RE AO  200,F,0$NO,T1,T2, T3,T4, TSUM.FR.NAS 
R1NAS)*EXPF(-FR«T  SUM) 

PRINT  300,F,DSN0,T1,  T2, T3, T4 , TSUM.FR .NAS ,R( NAS  1 
I F ( SENSE  SWITCH  0122,2 

FREL  1 1 )  -RI7)«R(8)*R( 12I»R( 14)»R< 10) •RI19S) >R III ) >R 1 16)>R(17)*R( 18 

1  )•(  l.-(  I  l.-RI  1 3 >•*.!» I  l.-I  l.-t  l.-RI  13)**2><U."R(13)*«2)  I  >•(  l.-RH 

2  ) >R II10)>)> 

FREL  (2)»  R128)»R(30].R(32I»r;2?I*R[  19MRI  1 80 > »R 1 181 > • ( 1 . - <  W ~R ( 20 

1  l«R(24>  )•  I  l.-RI  1131  >RU26)  )•(  l.-RI  1UI  )«I1.-RIUAI*R(27I*RI23)  I  )•! 

2  l.-(  U-R(  lA2|*R(U3))»(l.-RmS)»R(16U  >  )• I l ( 1 .-Rl 1 16)»R( 197) ) •! 

3  1.-R(120I«RI1B4)»R[123))«I1.-(1.-<1.-RI120I*RU19I»RU82))»(1.-R(1 

9  83)  •II.- 1  l.-RI  117)  )•!  l.-RI  118)  ))))•(  l.-I  l.-RI 121) ••2)*tl.-R (122 1 •• 

S  2)  I  )  l*R(  1U)*R(183)«R(  1841*1 l.-I  '..-Rl  112)»»2)»1 l.-RI 123)1) 

X  *111961 

FREL ( 3)*R ( 33) *RI 124 1 *R ) 35>**2»P ( 36 )*R I  37 )»R ( 381 •» ( 391 
FREL  ( 4 ) ■  Rt  125)»R)  127)»RH28) 

FREL  (5)«  R(44).R(129)»( l.-I l.-RI 130)*R( 198) 1*11 .-(Rl 185) *R( 186) • 

1  R( 1ST) )•( l.-I l.-R(188) )•( l.-RI 13<*>**2)«( l.-RI 135) ♦•21  I >•( l.-I l.-I 1 

2  .-Rl  131)1*1  l.-I  l.-R(  186)»U.-<1.-RU32>)»(  l.-RI  (33)  1)1  ))»ll.-(l.- 

3  Rl I68)«R( 187) )•( l.-RI 134  >**3 !• I l.-RI 135 1 **2 ) ) 1 ) 

FREL  (6)«R(  136  1^(137  I  .All*  )  »R  (  1 39 )  «R  (  1 40)  *RU41  )  »R  1  1 62  )  *R  1 146 1  • 

1  11 .-1 l.-RI 144  I «R( 199) I >11.-  Rl 145  I <R I  201 l)»tt.-l l.-RI 147) ••2I»( 1.- 

2  Rl  1A8)>*2  1  ))!•(  l.-I 1. -A!  1501 1*1  i .-R ( 1 50 1  «R ( 1  5)  J«R(  1741  >•(  1.-1RU90 

3  )  )•!  l.-I  1  .-Rl  189  MRU  91)  )•(  l.-RI  149) )  1  )  ) 

FREL  (71  *  1. 

FREL  IS)  *R(58)»R(59!*Ri60)»R(61 I  «R  t  62  I  *R  I  64 >R  ( 63  )  >R  {  65) 

FREL  I9)=RI71 l«R( 7  3 ) • Rl  7 8 1 *R ( 80 ) »R ( 02 ) • 1 1 . - 1 1 .-R 1 69) *R I  72 1 *R I  74 ) *R 

1  170) )•! l.-RI 76I«RI69)*»2) ]•( l.-I l.-R! 761 «R[ 771 »R 1 791 »R [ 81 1 l« (l.-RI 

2  69 1  *R  1  76  1  )  I 

X  •ll.-[|.-RI202l)«U.-R(203))  ) 

FREL  U0)»RI95)»RI84) 

FREL  (ll;»R(160) 

FREL  ( 12 1 ®R ( 163  I *R( 164  J 
PR0D=1. 

DO  4  1*1 , 12 
PROD-PROO-FREU  I  ) 

PRINT  600, (FUNCNI 1,1 ) , FUNCNI 1,2) »FREL  t I ) ,1*1,12) 

PRINT  700, PROD 

FORMAT! 1HI,20X, 71 HLIST1NG  OF  COMPONENTS  AND  FAILURE  RATES  USED  IN 

1  RELIABILITY  COMPUTATION  ///10X.109H  FUNCTION  DESCRIPTION  ORAWlNG 

2  OPERATING  TIMES  MINUTES  TOT.  OPER.  FAILURE  RATE  ASSIGNED  NO. 

3  RELIABILITY  /20X.53H0F  COMP.  NO.  T1  T2  T3-12  T13 

4  HRS.  ) 


C-l 


MEL  Report  110/66 


Q  STMNT  FORTRAN  STATEMENT 
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9 

C 

1 

2 

3 

S 

5 

6 
7 
0 
9 
0 


l 

? 

3 

4 

5 

6 
7 

a 


300  F0RMATI13X,Al,4X,2A8.A8,4F5.0,8XtF5.2t6X,F9.6,BX,I3,llX,F7.6//l 

200  F0RNATIAl,2A8,A8,4F4.0,F7.2.9XF8.7t 13) 

500  FORMAT ( 10A8 ) 

600  FORMAT  UHl,  ( 22H  RELIABILITY  FOR  2ASt3H  ISF9.6//)) 

700  FORMAT)  "1H0//50H0REL IABILITY  OF  O.S.R.V.  FOR  13  TRIP  MISSION  IS 

1  F9.A) 

42  FRELP  (11-  FREL  (1) 

FRELP  (21*  FREL  (2) 

FRELP  (31-FREL  (3) 

FRELP  (4I-R1  170MRI  127>*R(  128) 

FRELP  (51-  FREL  (5) 

FRELP  (6)-  FREL  (6) 

FRELP  <7l-(  l.-l  l.-Rl  152MRI  200  :  )  «  I  L  .-R 1 1  77  )  •  R  ( 1 59  )«R(192)  l-d.-It. 

1  -I l.-Rl 177)-Rt 1551-RI 158) )•( 1.  !  « ( 1931 1  •  11 ( I .-R  1 1 53) )  •  1 1. -R ( 154 ) 

2  ))))•(».- II. -Ri 1751 »»2 1*1 l.-R( 176) **2 1 ) ) ) »R (156 ( -R( 193) »R ( 192 ) • I  I . 

3  -( l.-R( l57l-»2)«( S .-R( 194) I  I 

FRELP  (8)»R(58)>RtS9l*AI60l«R<61 ) -R I  62 )-R ( 64 > «R ( 63 ) • R ( 24 ) »R ( 65 » 
FRELP  ( 9 ) -FREL  (9) 

FRELP.'  101-FREL  (10) 

FRELP  111)-  R  (171) 

FRELP  ( 121-RI 172)»R! 173! 

PRINT  800i  (  FUNCN  ll.D.FUNCN  II,2).FRUP  1  I  >  >1-1,12) 

800  FORMAT (IH1«(32H  FUNCTIONAL  RELIABILITY  FOR  2A9.3H  IS  F9.6//)) 

END 
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Appendix  D 

Second  DS'RV  Model  computer  Rrint-out 


FUNCTION  DESCRIPTION  DRAWING  OPERATING  TINES  MINUTES  TOT.  OPER.  FAILURE  RATE  ASSIGNED  NO.  RELIABILITY 
OF  COMP.  NO.  T 1  T2  13-12  T13  HRS. 

S  AFT  TV  CAN  03-0123-03  1*.  14.  14.  14.  3.00  0.00333300  154  0,990051 
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D— 2 


HOR  0  A  SONAR 03-0 146- 03 


FUNCTION  DESCRIPTION  DRAWING  OPERATING  TINES  NINUTES  TOT.  OPER.  FAILURE  RATE  ASSIGNEO  NO.  RELIABILITY 
OF  COMP.  NO.  T 1  T2  T3-I2  T13  HRS. 
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CAPSULE  STRUC 03— 0301/10  191 


FUNCTION  DESCRIPTION  ORAWING  OPERATING  TINES  HINUTES  TOT.  OPER.  FAILURE  RATE  ASSIGNED  NO.  RELIABILITY 
OF  COMP.  NO.  T.l  T2  T3-12  T13  HRS. 

0  INT  STRUCTURE03-031 1/20  191.  181.  168.  142.  36.50  0.00001500  124  0.999453 
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iiCLl  ABILITY 

FOR 

VEH.CTL.y  propul 

IS 

0.968405 

RELIABILITY 

FOR 

NAVIG.  ♦  HOMING. 

IS 

0.663193 

RELIABILITY 

FCR 

STRUCT. INTEGRITY 

IS 

0.996622 

RELIABILITY 

FOR 

COMMUNICATION 

IS 

0.993423 

RELIABILITY 

FOR 

MANIPULATOR 

IS 

0.999360 

R.  cLJABILITY 

FOR 

MATING  ♦  TRANSFR 

IS 

0.464560 

RELIABILITY 

FOR 

SURVEIL. ♦SEARCH. 

TS 

1.000000 

RELIABILITY 

FOR 

COMPUTOR 

IS 

0.998772 

RELIABILITY 

FOR 

LIFE  SUPPORT 

IS 

0.991124 

RELIABILITY 

FOR 

POWER  ANO  CIST 

IS 

0.982371 

RELIABILITY 

FOR 

HYDRAULIC  SYST. 

IS 

0.998257 

:-r  VIABILITY 

FOR 

EXT  SENSIOOOOOO^ 

IS 

0.999897 

t (ABILITY  OF  D.S.R.V.  FOR  13  TRIP  MISSION  IS 


0.292463 
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UNCTIONAl  RELIABILITY  FOR  VEH.CTL.*  PROPUL  IS  0.988405 


— FUNCTIONAL 

RELIABILITY 

FCR 

NAVIG.  ♦  HOMING. 

IS 

0.663153 

— FUNCTIONAL 

reliability 

FCR 

STRUCT. INTEGRITY 

IS 

0.996622 

— TUNCTTONAl 

RELIABILITY 

FCR 

COMMUNICATION 

IS 

0.991088 

- FUNCTIONAL 

RELIABILITY 

FCR 

MANIPULATOR 

IS 

0.999360 

"FUNCTIONAL 

RELIABILITY 

FCR 

MATING  ♦  TRANSFR 

IS 

0.464560 

- FUNCTIONAL  RELTAB I L TTY 

FCR 

5URVE IL .+ SEARCH. 

IS 

0.793586 

TUNCTICNAL 

RELIABILITY 

FCR 

COMPUTOR 

IS 

0.9987C5 

"  FUNCTIONAL 

RELIABILITY 

FCR 

LIFE  SUPPORT 

IS 

0.991124 

- FUNCTIONAL  FELT  SOIL  TTY 

FCR 

POWER  AND  DIST 

IS 

0.982371 

FUNCTIONAL 

RELIABILITY 

FCR 

HYDRAULIC  SYST. 

IS 

0.997555 

FUNCTIONAL 

RELIABILITY 

FOR 

EXT  SENS1000000+ 

I  S 

0.998899 

D-8 
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Appendix  E 

Listing  of  Second  DSRV  Model 
Input  Data  in  Order  of  Assigned  Number 

(The  assigned  numbers  are  contained  in  the 
three  right-hand  columns.) 


MEL  Rfeport  110/66 


SESCIPTIW/  BRAWW6 

7  COMP.  NUMBER 

vIrAIN  PROP  SVS03-0401 
VPRCPELLER  S*803-0475 
VSHRGUC  ROR+ACO 3-04 80/84 
VRERCURY  TRIP  03-0430 
VRERC  TRIM  0003-0253/59 
VPRPL  SYS  C*0  03-0280/84 
VTHRUSTERS  ♦  C03-0490 
VRTN  ♦  OPTH  SE03-0108-14 
V8ALLAST  SYS  03-0435 
VEXT  BAL+JET  C03-0236/40 


VRES  8AL4JET  C03-0222/24 
RCOPP  NAV  03-0108-01 
NCEAO  RECK  TRC03-0108-02 
NRATE  GYRO  PKG03-0108-04 
NBEAC  REL  03-0131-03 

NRAV  COMP  03-0250 

NHMG  BEAC  03-0131-02 

NHAV  C1SP  03-0108-07 

NCYRO  COHPASS  03-0172-02 
KVERTICAL  GYR003-0172-04 


Tl 

1 

T2 

1  1 

T3- 
1  T>t 

T13 

1 

1 

*7. 

65. 

54. 

1 

54 

69. 

67. 

57. 

57 

42. 

40. 

34. 

34. 

100. 

90. 

77. 

77 

100. 

90. 

77. 

77 

67. 

65. 

54. 

54. 

42. 

40. 

34. 

34 

100. 

90. 

77. 

77. 

33. 

33. 

31. 

31 

58. 

58. 

56. 

43 

75. 

75. 

75. 

49 

49. 

49. 

36. 

36 

55. 

55. 

42. 

42 

191. 

181. 

168. 

142 

7.  7.  7.  7. 

55.  55.  42.  42. 
153.143.143.117. 
55.  55.  42.  42. 
191.181.168.142. 
191.181.168.142. 


TOTAL 

OPER. 

T,ME  I 

12.10 

12.60 

7.50 

17.20 

17.20 

12.10 

7.50 

17.20 

6.70 

11.90 


Failure 

rate 


HMUR 


.  0006 10 70. 00 C05 03007 
.00003790.0000030008 
.0000365009 
,00113620.0000657010 
,00099970.0000578011 
.0001680012 
.00199980.0002664013 
.0002930014 
,00048810.0000722016 
.00042150.0000352017 


7 


15.80.00055740.0000332018 

8.30.01664000.0020000019 

9.50.00095330.0001000020 

36.50.00219400.0000600022 

1.50.00003030.0000200023 

9.50.00006670.0000070024 

30.70.00307170.0001000027 

9.50.00010270.0000108028 

36.50.00365670.0001000030 

36.50.00365670.0001000032 


OCAPSULE  STRUC03-03CI/1C 
OACCESS  HATCH  03-0321/30 
CELECT  PENET  03-0331/40 
OCPTICAL  PEWET03-0341/50 
CCUT  HULL*FRAH03-C4C5 
CFLOT  RATER I ALO 3-0440 
KSKIRT  0 EH AT ERO 3-0445/49 
PRANIP4TOOL  JE03-0415 
KRERC  TRIR  S  H03-0250-01 
KLIFE  SUPPORT  03-0250-02 


191.181.168.142. 
191.181.168.142. 
191.181.168.142. 
191.181.168.142. 
191.181.168.142. 
191.181.168.142. 
20.  20.  20.  20. 
18.  8.  8.  8. 
100.  90.  77.  77. 
141.131.118.118. 


36.50  .0000150033 

36.50  .0000150035 

36.50  .0000150036 

36.50  .0000150037 

36.50.00006110.0000017038 
36.50.00003660.0000010039 
4.40  .0001020140 

1.90.00046070.0002425044 
17.20.00012100.0000070058 
26.10.00018320.0000070059 


KEXTER  6 ALLAS TO 3-0 2 50-0 3 
KCONT  PROPUL  03-0250-04 
KPWR  CISTR18  03-0250-05 
KEX  SfcSRS  03-0250-06 
KINT  SNSR  03-0250-07 
KSTRUCTURES  03-0250-08 
LC  S  02  ST  C+003-0601/04 
LC  S  C02  R ERG VO 3-06 05/ 09 
LC  S  HUH  10  0*003-0610/14 
LC  S  HELIUH  C*03-0615/19 


8.  8.  8.  8. 
69.  67.  57.  57. 

191.181.168.142. ' 

191.181.168.142. 
191.181.168.142. 

49.  39.  39.  39. 
141.131.118.118. 
141.131.118.118. 
141.131.118.118. 
141.131.118.118. 


1.60.00001150.0000070060 
12. 60. 00006880. 0000070061 
36.50.00025600.0000070062 
36.50.00025600.0000070063 
36.50.00025600.0000070064 
8.60.00006030.0000070065 
26.10.00201480.0000770069 
26.10  .0000100070 

26.10.00264280.0001010071 
26. 10. 00000370. 0000001072 


E-l 
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IESciption 

F  OF 

ri  COMP. 


VI 


DRAWING 

NUMBER 


LR 

LR 

LR 

LR 


T 1  T2 


T3- 

,Tlt 


T13 


LC  S  TEKP*P  C *03-0620/24  141 
LCS  TOXICS  C*C03-0605/09  141 
LR  S  02  ST  C*003-0635/39  6? 

C02  RERO VO 3-0605/09  141 
HUN  10  C*003-C645/49  87 

HELIUM  C*03-G650/54 
TEMPER  C 403-0655/59 
LRS  TOXICS  C4C03-060S/09 
LR  S  PR£3»  SVSO3-0665/yr~TT. 
CRUX  8ATT  03-04101-2  191 


137 

87 

141 


« 131  < 
.131. 
.  85. 
.131. 
.  85. 
.135. 
.  85. 
.131. 

85. 
•  181. 


TOTAL 
OPE  A, 
TIME  l 


FAILURE 

RATS 


118.116. 
118.118. 
82.  82. 
118.118. 
82.  82. 
132.106. 
82.  82. 
118.118. 
82.  82. 
168.142. 


26.10.00219280 

26.10 

17.80.00137730 
26.10 
17.80. 

28.20. 

17.80. 

26.10 
17.80. 

36.50. 


.00180660 

.00000400 

.00149890 

.00078700 

.00916360 


.0000838073 

.0000100074 

.0000770076 

.0000100077 

.0001010078 

.0000001079 

.0000838080 

.0000100081 

.0000440082 

.00''2306084 


BRAIN  8ATT  03-04101-1 
VHVCRAULIC  PMRO 3-04 50/54 
NFORE  TV  CAM  03-0123-01 
NFORE  LIGHTS  03-0138-01 
NU/M  PHONE  03-0101-01 
NCL  HYDROPHONE 03-0 162-0 7 
NSK1RT  PR  GACE03-0162-08 
NSHGRT  R  SON ARO 3-0 146- 06 
NSKIRT  TV  CAM  03-0123-02 
NAFT  TV  CAN  03-0123-03 


NHATCH  PM  ♦  1C03-C 101-02 
NV1EUPT  0PT1CS03-0341 
N800  MATT  L1TS03-0138-03 
NAFT  LIGHTS  03-0138-05 
NTRAINA8LE  L IT03-0138-02 
01NT  STRUCTURE03-C3 11/20 
CU/M  PHONE  03-01C1-01 
NCQM  SVS  C  4  003-0210/15 
CCOM  SVS  C  4  003-0210/15 
CMATCH  PM  4  ICO 3-010 1-02 


PHYORAULIC  PMR03-0450/54 
PSMORT  R  SONAR03-0146-06 
PVIEMPT  0PTICS03-0341 
PSKIRT  TV  CAN  03-0123-02 
PAPT  TV  CAM  03-0123-03 
PAPT  LIGHTS  03-0138-05 
PSQC  MATT  LITSO 3-0138-03 
NMATING  SVSTEMC3-045S 
NSKIRT  SEAL  03-0459 
NSKIRT  XPi  v4003  0232/35 


191 

.181.168, 

.142. 

36.50. 

00865390.0002367085 

42. 

40.  34. 

34. 

7.50 

•0000938110 

14. 

14.  14. 

14. 

3.00 

.0033330111 

14. 

14.  14. 

14. 

3.00 

.1666000112 

55. 

55.  42. 

42. 

9.50 

•0002220113 

55. 

55.  42. 

42. 

9.50 

.0010000114 

6T. 

67.  54. 

54. 

12.10 

.0000330115 

14. 

14.  14. 

14. 

3.00 

.0025000116 

14. 

14.  14. 

14. 

3.00 

.0060180117 

14. 

14.  14. 

14. 

3.00 

.0033330118 

14. 

14.  14. 

14 

3.00 

.0000400119 

14. 

14.  14. 

14. 

3.00 

.0000150120 

14. 

14.  14. 

14. 

3.00 

.0166600121 

14. 

14.  14. 

14. 

3.00 

.1666000122 

14. 

14.  14. 

14. 

3.00 

.1666000123 

191 

.181.168, 

.142. 

36.50 

.0000150124 

81. 

71.  71. 

71. 

15.50 

.0062220125 

55. 

55.  42. 

42. 

9.50 

.0000810126 

141 

.131.118 

.118. 

26;  10 

.0000810127 

141 

*131.118 

.118. 

26.10 

.0000400128 

18. 

8. 

•  • 

8. 

1.90 

.0000938129 

18. 

8* 

8. 

8. 

1.90 

.0025000130 

18. 

1. 

8. 

8. 

1.90 

•0000150131 

18. 

«. 

8. 

8. 

1.90 

•0000180132 

18. 

8. 

8. 

8. 

1.90 

.0033330133 

18. 

8. 

8. 

8. 

i«i90 

.1664000134 

18. 

8. 

8. 

8. 

1.90 

•01666001*5 

20. 

20.  20. 

20. 

4.40 

.0000640136 

91. 

91v  9&. 

66. 

19.30 

•0001953117 

20. 

20.  20. 

20. 

4.40 

.0000051138 

E-2 
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SEStlPTKW  SHAWM# 

7  coMf.  numbir  1 

’nSinCHCAS  4  NAR03-042S 

”  1 

-r.  T3-  TO 

ri  1 

TOTAL 

CPE*. 

j  TIMF  ( 

37. 

37. 

37. 

37. 

8«*jlI 

NSKIRT  66  GACE03-0162-06 

31. 

31. 

31. 

31. 

6.80 

NALT  S0NA6  03-0146-04 

67. 

67. 

54. 

54. 

12.10 

N0IPTH  SONAR  03-0146-05 

67. 

67. 

54. 

54. 

12.10 

NSHORT  6  SON ARO 3-0 146-06 

20. 

20. 

20. 

20. 

4.40 

NSRIRT  TV  CAN  03-0123-02 

20. 

20. 

20. 

20. 

4.40 

NSM16T  LIGHT  03-0136-04 

20. 

20. 

20. 

20. 

4.40 

NAPT  LIGHTS  03-0138-05 

20. 

20. 

20. 

20. 

4j40 

H600  WATT  L1TS03-0138-03 

20. 

20. 

20. 

20. 

4.40 

HAFT  TV  CAM  03-0123-03 

20. 

20. 

20. 

20. 

4.40 

M  VXEWRTr ATICS03-0341 

10. 

10. 

10. 

10 

2.20 

HHATCH  PH  «  ICO 3-010 1-02 

10. 

10. 

10. 

10. 

2.20 

SSH06T  6  S ON ARO 3— 0146-06 

14. 

14. 

14* 

14. 

3.00 

SSKIRT  TV  CAM  03-0123-02 

14. 

14. 

14. 

14. 

3.00 

SAPT  TV  CAN  03-0123-03 

14. 

14. 

14. 

14. 

3.00 

SHATCH  PH  4  1C03-0101-02 

14. 

14. 

14. 

14. 

3.00 

SPORE  TV  CAN  03-0123-01 

27. 

27. 

14. 

14. 

3.50 

SPORE  LIGHTS  03-0138-01 

14. 

14. 

14. 

14. 

3.00 

SCON  SYS  C  4  003-0210/15 

14. 

14. 

14. 

14. 

3.00 

STRA1NA0LE  LIT03-0138-02 

14. 

14. 

14. 

14. 

3.00 

HHYOAAULIC  PNR03-0450/54 

99. 

91. 

84. 

64. 

18.60 

N  EXT  SENSOISP03-0265/89 

67. 

67. 

54. 

54. 

12.10 

NEXT  SENS  01 SPO 3— 0265/69 

31. 

31. 

31. 

31. 

6.80 

ESN1RT  PR  GA6E0 3-0 162-06 

19. 

8. 

8. 

8. 

1.90 

EEXT  SENS  01 SPO 3- 026 5/69 

19. 

6. 

8. 

8. 

1.90 

CU/M  PHONE  03-0101-01 

141 

.131 

.116 

.118. 

26.10 

HHVORAUL IC  PMR03-0450/54 

141 

.131 

.116. 

.118. 

26.10 

ESRIRT  PR  GACEO 3-0 162—06 

116 

.106 

.93. 

93. 

20.40 

EIXT  SENS  OISP03-0285/69 

116 

.106 

.93. 

93. 

20.40 

NCON  SYS  C  4  003-0210/15 

10. 

10. 

10. 

10. 

2.20 

S600  MATT  L1TS03— 0136-03 

14. 

14. 

14. 

14. 

3.00 

SAPT  LIGHTS  03-0136-05 

14. 

14. 

14. 

14. 

3.00 

SV1EHPT  OPTICSO 3-0341 

14. 

14. 

14. 

14. 

3  a  00 

NHGR  0  i  SON ARO 3-0 146-0 3 

67. 

67. 

54. 

54. 

12.10 

NVER  0  A  SONAR03-0 146-02 

67. 

67. 

54. 

54. 

12.10 

NCON  SYS  C  4  003-0210/15 

14. 

14. 

14. 

14. 

3. 

NTV  CAN  C  4  0  03-0225/27 

14. 

14. 

14. 

14. 

3.0C 

NPAN  4  TLT  CQPC3-0123-04 

14. 

14. 

14. 

14. 

3.00 

PPORE  TV  CAN  03-0123-01 

10. 

6. 

6. 

6. 

1.90 

PTV  CAN  C  4  0  03-0225/27 

16. 

1. 

6. 

8. 

U9Q 

FAILURE  1MKKK1 

"AT*  ,  \  [ 
.0033330139 
40000330141 
.0033310142 
.0033330143 
.0023000144 
.0000160143 
.1660000146 
•1666000147 
.0166600146 
.0033330149 


.0000150130 

.0000400131 

.0023000132 

.0000160133 

.0033330134 

.0000400135 

.0033330136 

.1666000157 

.0000610158 

•1666000139 


.0000938160 

.0000210161 

.0000210162 

.0000330163 

•0000210164 

.0002220170 

.0000938171 

.0000330172 

.0000210173 

•0000610174 


.0166600175 

.1666000176 

•0000150177 

•0025000180 

.0023000161 

•0000610182 

•0002100183 

0010000184 

•0033330165 

•0002100166 


E-3 
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BESciprjOf; 
T  „  of 

,  t  COMP. 

DRAW)N8 

NUMBER 

1  1 

T1  1 

T9  T3-  TI3 

i  T1£  I  ! 

TtfTAlr 

OPER. 

,  TIME 

FA*  LURE 

RAT*  NWSW 

WAN  *  TLT 

IQP03-0 123-04 

18. 

0.  8.  0 , 

1.90  * 

.0010000*187 

PTRA1NA8LE 

L IT03-0138-02 

10. 

0  •  0.  8 . 

1.9C 

.1666000188 

NFCNE  TV  CAN  03-0123-01 

10. 

10.  10.  10. 

2.20 

.0033330189 

WAN  ♦  TLT 

EQP03-0123-04 

10. 

10.  10.  10. 

2220 

.0010000190 

NTV  CAN  C  ■ 

*  0  03-0225/2T 

10. 

10.  10.  10. 

2.20 

.0002100191 

SPAN  ♦  TLT 

E0P03-0123-04 

14. 

14.  14.  14. 

3J00 

.0010000192 

STV  CAM  C 

»  0  03-0225/27 

14. 

14.  14.  14. 

3.00 

.0002100193 

STRAINA8LE 

L  IT03-C138-02 

10. 

10.  10.  10. 

2.20 

.1466000194 

V  EXTSE NS OISPO 3-0285/89 

100 

.90.  77.  77. 

17.20 

.0000210195 

NSONAR  CTL 

♦  D03-02C 1 

67. 

67.  54.  54. 

12210 

•0020000196 

NSONAR  CTL 

♦  003-0201 

14. 

14.  14.  14. 

3.00 

.0020000197 

PSONAR  CTL 

♦  003-0201 

0. 

0 .  0.  8 . 

1200 

.0020000198 

NSONAR  CTL 

4  003-0201 

20. 

20.  20.  20. 

4.40 

.0020000199 

SSONAR  CTL 

4  003-0201 

14. 

14.  14.  14. 

3.00 

.0020000200 

MTV  CAN  C 

»  0  03-0225/27 

14. 

14.  14.  14. 

3.00 

•0002100201 

LATNOS  SAMPLE  03-0630/34 

3. 

3.  3.  3. 

0.63 

.0000150202 

L  WATCH  PH 

41C03-0101-02 

3. 

3.  3.  3. 

0.63 

.0000400203 

E-4 
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Appendix  F 

Changes  to  Input  Data 
Used  in  Second  DSRV  Reliability  Model 
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A.  Component 

Failure  Rates  in  Error  in 

First  Model 

Failui 

re  Rate 

(Per  10€ 
Changed 

’  Hrs.) 

Assigned  No. 

Description  of  Component 

From 

To 

012 

Propulsion  System  Cont. 

&  Disp. 

57.8 

168* 

033 

Capsule  Structure 

10 

15 

035 

Access  Hatch 

1 

15 

036 

Electrical  Penetrations 

0.1 

15 

037 

Optical  Penetrations 

0.1 

15 

070 

Control  Sphere  C02 

Removal 

0.2 

10 

074 

Control  Sphere  Toxics 

Cont.  and  Disp. 

0.2 

10 

077 

Rescue  Sphere  C02  Removal 

0.2 

10 

081 

Rescue  Sphere  Toxics  Cont 

. 

and  Disp. 

0.2 

10 

111 

Fore  TV  Camera 

3300 

3333 

133 

Aft  TV  Camera 

3300 

3333 

*  The  Reliability  Data  supplement  to  ARINC's  30  June  1965 
report.  Deep  Submergence  Rescue  Vehicle  Equipments  Reliability 
Predictions  and  Allocations,  is  used  as  the  source  of  correct 
failure  rates  for  the  first  reliability  model. 


F-l 
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B •  '.omponer.t  railure  Rates  Changed  by  Latest  Information 


Failure  Rate 
(Per  106  Hrs  . ) 
Changed 


Assiqned' 

o.  Description  of  Component 

From 

TO 

112 

Fere  Lights'* 

3300 

166,600 

157 

Fere  Lights 

3300 

166,-600 

113 

underwater  Phone 

500 

222 

125 

Underwater  Phone 

500 

222 

170 

underwater  Phone 

500 

222 

121 

800-Watt  Light 

500 

16,660 

135 

800- Watt  Light 

500 

16,660 

148 

800-Watt  Light 

500 

16,660 

175 

800-Watt  Light 

500 

16,660 

122 

Aft  Lignts 

3333 

16,660 

134 

Aft  Lights 

3333 

16,660 

14  7 

Aft  Lights 

3333 

16,660 

176 

Aft  Lights 

3333 

16, 660 

123 

Trainable  Light 

3333 

16,660 

159 

Trainable  Light 

3333 

16,660 

188 

Trainable  Light 

3333 

16,660 

194 

Trainable  Light 

3333 

16,660 

146 

Skirt  Light 

250,000 

166,600 

*  Light  fa 

ilure  rate  based  on  information  from  M. 

Goodman  of 

NASL.  Underwater  Phone  failure  rate  from 

3.  Keller 

of  NASL, 
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C.  Component  Failure  Rates  Added  in  Second  Model 


Assigned  No. 

Description  of  Component 

Failure  ] 

120 

Viewport  Optics 

(Per  10  ] 

15* 

131 

Viewport  Optics 

15 

150 

Viewport  Optics 

15 

177 

Viewport  Optics 

15 

137 

Skirt  Seal 

195.3 

184 

Pan  and  Tilt  Equipment 

3.0 

187 

Pan  and  Tilt  Equipment 

1.9 

190 

Pan  and  Tilt  Equipment 

2.2 

192 

Pan  and  Tilt  Equipment 

3.0 

*  The  computer  program  for  the  first  reliability  model  and 
not  the  30  June  1965  ARINC  report,  defines  the  components 
which  were  included  in  the  first  model  computations. 
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D .  Component  Operating  Times  Changed  in  Second  Model 

Operating  Times  (Hrs.) 
Changed 


Assigned 

No.  Description  of  Component 

From 

To 

110 

Hydraulic  Power 

26.1 

7.5* 

129 

hydraulic  Power 

26.1 

1.9 

160 

Hydraulic  Power 

26.1 

18.6 

171 

hydraulic  Power 

26.1 

26.1 

114 

Directional  Listening  Hydro¬ 

6.1 

9.5 

phone 

115 

Skirt  pressure  Gauge 

3.4 

12.1 

141 

Skirt  Pressure  Gaug^ 

3.4 

6.8 

163 

Skirt  Pressure  Gauge 

3.4 

1.9 

172 

Skirt  Pressure  Gauge 

3.4 

20.4 

116 

Short  Range  Sonar 

6.8 

3.0 

130 

Snort  Range  Sonar 

6.8 

1.9 

144 

Short  Range  Sonar 

6.8 

4.4 

152 

Short  Range  Sonar 

6.8 

3.0 

117 

Skirt  TV  Camera 

8.8 

3.0 

132 

Skirt  TV  Camera 

8.8 

1.9 

145 

Skirt  TV  Camera 

8.8 

4.4 

153 

Skirt  TV  Camera 

8.8 

3.0 

119 

iiatch  Phone  and  intercom 

18.5 

3.0 

128 

hatch  Phone  and  Intercom 

18.5 

26.1 

151 

iiatch  Phone  and  Intercom 

18.5 

2.2 

155 

Hatch  phone  and  Intercom 

18.5 

3.0 

124 

Internal  Structure 

18.2 

36.5 

126 

Communication  System 

Cont.  and  Disp. 

22.2 

9.5 

127 

Communication  System 

Cont.  and  Disp. 

22.2 

26.1 

158 

Communication  System 

Cont.  and  Disp. 

22.2 

3.0 

174 

Communication  System 

Cont.  and  Disp. 

22.2 

2.2 

182 

Communication  System 

Cont.  and  Disp. 

22.2 

3.0 

136 

Mating  System 

5.7 

4.4 

138 

Skirt  Transfer  Cont. 

and  Display 

3.9 

4.4 

139 

Anchors  and  Markers 

5.9 

8.0 

140 

Skirt  Dewatering  System 

5.6 

4.4 

142 

Altitude  Sonar 

12.6 

12.1 

*  New  op 
supply 

lerating  times  are  based,  pn,  battery 
ower- profiles  in  the  vehicle  RFP. 

and  hydraulic  pow 

F-4 


D 
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Component  Operating  Times  changed  in  Second  Model  (cont'd.) 


Operating  Times  (Hrs.) 
Changed 


iigned  NO. 

Description  of  Component 

From 

To 

143 

Depth  Sonar 

12.6 

12.1 

161 

External  Sensors  Disp. 

7.0 

12.1 

162 

External  Sensors  Disp. 

7.0 

6.8 

164 

External  Sensors  Disp. 

7.0 

1.9 

173 

External  Sensors  Disp. 

7.0 

20.4 

195 

External  Sensors  Disp. 

7.0 

17.2 

180 

Horizontal  Obstacle 

Avoid.  Sonar 

12.6 

12.1 

181 

Vertical  Obstacle 

Avoid.  Sonar 

12.6 

12.1 

183 

TV  Camera  Cont.  and 

Disp. 

9.3 

3.0 

186 

TV  Camera  Cont.  and 

Disp. 

9.3 

1.9 

191 

TV  Camera  Cont.  and 

Disp. 

9.3 

2.2 

193 

TV  Camera  Cont.  and 

Disp. 

9.3 

3.0 

201 

TV  Camera  Cont.  and 

Disp. 

9.3 

3.0 

196 

Sonar  Cont.  and  Disp. 

13.1 

12.1 

197 

Sonar  Cont.  and  Disp. 

13.1 

3.0 

198 

Sonar  Cont.  and  Disp. 

13.1 

1.9 

199 

Sonar  Cont.  and  Disp. 

13.1 

4.4 

200 

Sonar  Cont.  and  Disp. 

13.1 

3.0 

202 

Atmosphere  Sampling 

6.0 

.65 

203 

Hatch  Phone  and  intercom 

18.5 

.65 

P-5 
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Appendix  G 

Recommendation  for  Modeling  of  the  DSRV  in 
an  Advanced  Reliability  Study 


naosn*  #i 


'M* >-  CONNECTION 
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BOOLEAN  EXPRESSION  AND  PROBABILITY  EQUATION 
FOR  A  PORTION  OF  THE  DEPTH  CONTROL  MODEL 


A.  BOOLEAN  EXPRESSION 

141*  «  141  [C145  (122  V  1290  V  D-46  (122  V  1290  v  C148i| 

Where  V  designates  "or*,  and  "and"  is  indicated  by  multipli¬ 
cation. 

This  expression  is  simplified  to  the  following: 

141*  =  141  |  (122  V  129)  (145  V  146)  V  148  j 


B.  RELIABILITY  EQUATION 

Pr  [l41*l  -  P141  (l-  [l-  (1-(1-P122)  (1-P129)) 

(1-(1-P145)  (1-P146))]  [l-Pl48]J 

Where  Pr  and  P  represent  probability. 
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